This paper presents an automated approach to the extracting main suburban roads in IKONOS imagery, which is based on a fuzzy logic system. For each extracted object category, there are different properties that describe it, which they can be divided into geometric properties and radiometric properties. In particular, we want to show how to implement structure extraction algorithms based on fuzzy reasoning approaches. The idea is first to detect segments that are similar to road by reflectance properties. Then, the potential geometric shapes of the road are recognized by the well known Hough transform. Roads are extracted by means of fuzzy logic concepts and successive imagery analyses and image processing are able to exploit the corresponding fuzzy reasoning. The results of road candidate regions extracted automatically show that the whole approach is validated for the road extracted by the analysis of high-resolution Ortho-satellite imagery.
Introduction
The high-resolution imaging IKONOS satellite has provided the world with the first source of commercially available, marked the beginning of a new era in earth observation. It can provide accurate and up-to-data information for extraction and maintenance of road databases, and so on. Automated road information extraction in transportation provides the means for creating, maintaining, and updating transportation network databases for traffic management, automated vehicle navigation, and guidance. These data are frequently used in making critical decisions, such as emergency response, evacuation, or incident management. The interpretation of satellite imagery is a problem that nowadays has a potential to be solved automatically. The importance of the task and expected advantages of its automation give a strong motivation for research in automatic interpretation of satellite imagery. This paper proposes an algorithm that analyzes high-resolution (1m) satellite imagery and automatically extracts main suburban roads by fuzzy logic system. To this aim, the idea is first to detect segments that are similar to road by reflectance properties. Then, the potential geometric shapes of the road are recognized by the well known Hough transform. Roads are extracted by means of fuzzy logic concepts and successive imagery analyses and image processing are able to exploit the corresponding fuzzy reasoning. The contribution of this paper is that it showed fuzzy reasoning could be used for road extraction automatically. -96-342-3638; uchimura@cs.kumamoto-u.ac.jp This algorithm can be utilized in analyzing high-resolution satellite images. The reminder of this paper is organized as follows. Firstly, we present a methodology's summarize on objects extracted from high-resolution satellite imagery using fuzzy reasoning. This will be followed by the principles explanation of this algorithm. Then road extraction results from this algorithm with IKONOS imagery are presented. Finally, the concluding summary of this paper is given.
Methodology's Summarize of Algorithm
To perceive unfamiliar objects or to perceive familiar objects in satellite imagery, it appears that humans are applying heuristic algorithms to understand such images. Although these algorithms may be "implemented" in the wetware of our visual systems, we believe that it is possible to characterize an equivalent process systematically. We submit that fuzzy reasoning is a suitable framework for expressing heuristic processes applied to extract road from satellite imagery. The data format and information presentation in the understanding system are important focused points. However, the cognitive information, which our natural sensors acquire, are not numerical, but the mentation process in our brain can process such information very efficiently and act upon it accordingly. The mentation and cognitive activity of the brain, unlike the computational function of the binary computer, is based upon the relative grades of the information acquired by the natural sensory system. Namely, our natural sensors acquire information in the form of relative grades rather than absolute numbers. The perception and action of the cognition process also appear in the form of relative grades. Fortunately, since its methodology proposed by Zadeh (1965) , fuzzy logic was applied to numerous problems and applications for its ability to incorporate the notion of inaccuracies and to provide a framework through which non-deterministic problems could be addressed. Due to its ability to cope with data uncertainty and to model abstract expert knowledge, fuzzy logic has been widely implemented. Fuzzy logic has been also successfully adopted for object detection and matching. Agouris et al. (1996) demonstrate the use of fuzzy supervisor for road extraction from aerial imagery. Steger et al. (1997) present the use of a fuzzy approach to road network extraction by applying it to the segment-linking problem. Effective road extraction must be beyond radiometric properties and geometric properties to reflect structural constraints. Detected road segments appear not only as a local area, but also as part of larger structures that can also be characterized heuristically. So we argue that it is possible to express structural constraints heuristically in a systematic way. In order to extract objects from the satellite imagery we will use an object extractor based on fuzzy logic, as shown in formula (1). For each object category, there are different properties that describe it. Therefore they can be divided into geometric properties and radiometric properties: IF (radiometry) AND (geometry) THEN Object
(1) Radiometric properties include rules on absolute gray values and contrast information. At the same time geometric properties may include linearity, parallelism, and width. We apply fuzzy rules that explain these properties for the specific objects, for example, the road. It can be described as shown in formula (2): IF (pixel gray level, contrast from background) AND (road geometric properties) THEN assign road (2)
Methods for Road Extraction
It is necessary to have an explicit idea about the concept "road", while the roads are extracted from satellite imagery. For the proposed approach, the road model comprises explicit knowledge about radiometry and geometry, which is built in the image processing. The models are described below the content.
(1) The gray level of the road local average only changes slowly, but road can have higher or lower reflectance than surroundings. (2) The road width change is small. The road both-sides borderline becomes parallel lines. (3) The road direction changes are likely to be slow. The road neighborhood becomes a straight line approximately. (4) Roads are unlikely to be short and form a network.
Image Processing Using Fuzzy Logic Based on Road Radiometry
The road detection problem necessitates an adequate characterization of a road. Intuitively a road corresponds to suitable reflectance properties in satellite imagery. This leads to attempts to detect roads by locating local gray level of a road. On the other hand, the pixels of a color image using the RGB model have three components, Red, Green and Blue. An original satellite image (shown in Fig.  1 ) is divided into the Red plane, the Green plane and the Blue plane. We can note that they are shown as grey-level images as they are composed of a single element. First, the fuzzy rules that discriminate the extracted object based on the reflective colors (R, G and B gray level) of the road surface are constituted as follows. From a satellite image as shown in Fig. 1 , we carry out a fuzzy filtering of the input each R, G, B image. The input membership functions for each plane image are displayed in Fig. 2 . We have chosen three classes, according to the gray values of the pixels: low, medium and high. All the membership functions are triangular functions. We investigate carefully that the comparatively high pixel of a GL 1 concentration level exists in central peak for satellite imagery. As a result, it turns out that this portion of the concentration value is equivalent to the pixel for the road segment. Table 1 expresses the fuzzy rules of each input R, G and B image.
In the fuzzy rules showed as Table 1 , we will assume the medium gray values of the each image, as the road spectral reflectance is considered high. We then implement this fuzzy reasoning process in program form. In this step of the algorithm, the processed image is searched for pixels that match road extraction rules for each R, G and B image. The candidate pixels are considered as inputs in a filter function. If the output of the filter is between the specified limits, then the pixel value keeps 0 value (black), otherwise becomes 255 (white). The processing result of Fig. 1 by the fuzzy reasoning to the road surface reflective colors each R, G and B value is obtained respectively ( Figure Omitted) . With the above results, we noted that the road segments have been extracted, while the segments that are not road have been extracted from each input R, G and B image too. To remedy this, we introduce second step that eliminate the false information and retain the true information by fuzzy reasoning process. Next, judgment processing is carried out by fuzzy reasoning, which the road gray level similar to the color of the road surface based on the front results.
We present fuzzy membership function to refine the road segments, by specifying that (1) When local gray level of the road segments with three membership functions can satisfy gray values of the road at the same time, which are road possibility for R Gray Levelsμ RG and for G Gray Levelsμ RG and for B Gray Levelsμ BG , the road spectral reflectance is considered high. (2) When local gray level of the road segments with three membership functions cannot satisfy gray values of the road at the same time, the road spectral reflectance is considered low. The fuzzy rules, which are shown in Table 2 discriminating the object extracted with a comprehensive R, G and B value, are constituted. The processing result of the road surface reflective colors by fuzzy reasoning is shown in Fig. 3 . 
Image Processing Using Hough Transform Based on Road Geometry
From above the image processing result, the potential geometric shapes of the road are detected by the well-known Hough transform. The main advantage of the Hough transform technique is that it is tolerant of gaps in feature boundary descriptions and is relatively unaffected by image noise. It is an also method widely used for the detection of lines in image space. The transformation is based on the collection of evidence regarding the existence of lines in image space using 
where ρ is the perpendicular distance of the line from the origin and θ is the angle of the line normal. A set of collinear pixels will generate several corresponding curves of the formula (3). Local maxima of the pixel intensity identify straight-line segments in the original image space (Fig. 3) . Ideally, the Hough domain has to be searched for a maximum only once. In situations where a picture contains many patterns of different size, it may, however, be necessary to take out first those patterns in the original image space that correspond to clearly identifiable peaks in the Hough domain and to repeat the process. As a result, we know the roads are existed in the somewhere of the images (Fig. 4) . The local place where there are a number of collinear bundles imply that the roads are wide, and the local place where there are a few collinear bundles imply that the roads are narrow. Finally, according to the above satellite imagery analysis and image processing in the both road geometric properties and the road radiometric properties, we assume that possibility of the real road can be constituted by the fuzzy rules (shown in Table 3 ). Consequently, the further steps will be focused on integrating these results of 
Discussion and Conclusions
In this paper, fuzzy reasoning algorithms have been developed for the purpose of extracting road. These algorithms have been implemented and tested on the high-resolution satellite image with positive results. According to these algorithms, we give the other example of the processing results from another satellite imagery (shown in the Fig. 6 ). From the extraction results based on fuzzy reasoning, we can find that the forests and a large area fields are distinguished from a road, and the main road candidate regions taken from satellite imagery are obtained automatically. The results show that the whole approach is valid for the road extracted from high-resolution satellite imagery. Future work should concentrate on urban satellite imagery. In addition, they should be directed towards improvements and extensions of the presented approach. 
